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ABSTRACT The present study comprised of 412 adolescent daughters at a yearly intervals 
from age 11 through 17 years and their mothers who volunteered as subjects. All the subjects 
belonged to Punjabi speaking Khatri, an endogamous population residing in Delhi, India. A 
set of five skinfold thickness: biceps, triceps, subscapular, suprailiac and medial calf along with 
body weight and stature were taken on all the subjects to report the pattern of subcutaneous 
fat distribution and responsiveness of different skinfold sites to fat deposition with variation 
in total body fat content. An increase in body mass index (bmi) with age in the present sample 
with a concurrent increase in the grand mean thickness (GMT) is due to relative increase in fat­
ness. All the skinfold thicknesses, indices of fatness, profile of subcutaneous fat accumulation 
and sensitivity of each skinfold site showed an increasing fat deposition on trunkal region than 
on extremities. It was noticed that subscapular site as the most sensitive site followed by triceps 
and biceps towards fat deposition. The differential rate of fat deposition at various sites in dif­
ferent age groups explainsthe difference in morphological feature in them.






Biological ageing is associated with the number of changes 
in body composition and body build. The etiology of these 
changes, all of which are not favorable was unclear up to 
now. With advancing age, fat free tissue weight decreases 
whereas fat tissue weight increases. Of the three large tissue 
components, bone, muscle and fat, the latter shows the great­
est change during adulthood in both sexes. The body contours, 
which are determined by muscle and bone, and the thickness 
of overlying subcutaneous fat layer undergo a change with 
fluctuation in body weight. What is of utmost importance 
and has not gained much attention is the sensitivity of differ­
ent skinfold sites towards fat accumulation with increase in 
fat content or with increasing age. Women continue with a 
largely unchanged fat patterning from puberty to middle age, 
but with advancing age not only body mass index increases, 
fat distribution pattern also changes.
The most obvious of the body contour fat patterning an 
integral aspect of human body has drawn considerable atten­
tion recently because of its association with several diseases 
(Jensen et al. 1989; Bjomtorp. 1990; Kanaley et al. 1993). The 
importance of the body fatness and its distribution lies in the 
epidemiological studies and as a clinical marker of health risk 
among populations. Fat distribution pattern has been exten­
sively studied for decades (Gam 1954; Satwanti et al. 1980; 
Rimmetal. 1995; Joyce and Kapoor 1996; Sinha and Kapoor 
2005), on ethnic variation in fat distribution (Satwanti et al.
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1977; Stevens et al. 1992; Wardle et al. 1996) and on level 
of physical activity and fat distribution pattern (Brown and 
Jones 1977; Bhalla et al. 1983; Satwanti et al. 1984; Depress 
et al. 1985). It has become apparent that the fat distribution 
pattern is population, sex and age specific along with increase 
in obesity level. The pattern of fat distribution must be evalu­
ated to assess the risk associated with weight gain, as the risk 
is higher if the fat distribution is already central (Lapidus et 
al. 1984; Ducimetiere et al. 1986; Kissebah et al. 1988).
The present study was undertaken to report the body mass 
index- an indicator of obesity and the sensitivity of different 
skinfold sites for fat deposition with varying body fat content 
among Indian adolescent girls and their mothers belonging 
to urban population.
Subjects and Methods
Four hundred and twelve Khatri adolescent girls residing in 
Delhi, India constituted the study. The girls at a yearly interval 
from age 11 through 17 years and their mothers 32-50 years 
volunteered as subjects in the present study. A set of five skin­
fold thicknesses (biceps, triceps, subscapular, suprailiac and 
medial calf) along with body weight and stature were taken 
on all the subjects in the present study. All the measurements 
were taken according to the techniques described by Weiner 
and Lourie (1981).
The profile of subcutaneous fat distribution over the body 
was obtained by arranging the skinfold site in ascending 
order of their thickness. An indicator of fatness - body mass
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Figure 1. Distribution pattern of subcutaneous fat in adolescent girls 
and their mothers.
index was calculated as weight in kg divided by stature in 
meter square. To study the rate of deposition or sensitivity of 
subcutaneous fat at different sites, each skinfold thickness 
was expressed as percent of grand mean thickness (GMT, i.e. 
mean thickness of skinfold at all the sites measured; Satwanti 
et al.1980). The data was analyzed using SPSS version 7.0.
Results
The means and standard deviations of body weight and stature 
including BMI for mothers and their daughters are given in 
Table 1. Skinfold thicknesses and GMT among adolescent 
daughters and their mothers are presented in Table 2. Table 
3 shows the sensitivity of various skinfold sites to fat deposi­
tion in adolescent daughters and their mothers. The prohle 
of subcutaneous fat distribution in adolescent girls and their 
mothers, determined by arranging various sites in ascending 
order of their thickness is illustrated in Figure 1 and Figure 
2 shows the responsiveness of different skinfold site to fat 
deposition among adolescent daughters and their mothers.
Body weight showed a consistent increase with advanc­
ing age (from 11- 32-50 years) as it is evident from Table 1. 
After 14 years of age increase in body mass index is noticed 
with advancing age. Stature increased among growing girls
Figure 2. Response of different sites towards accumulation of body 
fat in adolescent daughters and their mothers.
with maximum increase in 12 year old subjects. Mothers were 
marginally shorter than their 17- year - old daughters.
The distribution of fat pattern in adolescent daughters 
and their mothers (Table 2, Fig. 1) does not follow similar 
trend in all the age groups indicating on going tendency of fat 
redistribution with age, although in all the age groups biceps 
skinfold site shows the minimum fat, the site of maximum 
fat varies in different age groups. The distribution pattern of 
subcutaneous fat in different groups is as follows:
11 years Biceps < triceps < subscapular < suprailiac < 
medial calf
12 years Biceps < subscapular < triceps < suprailiac < 
medial calf
13 years Biceps < subscapular < triceps < suprailiac < 
medial calf
14 years Biceps < triceps < subscapular < suprailiac < 
medial calf
15 years Biceps < triceps < subscapular < suprailiac < 
medial calf
16 years Biceps < triceps < subscapular < medial calf < 
suprailiac
17 years Biceps < triceps < subscapular < medial calf < 
suprailiac.









Weiqht (kq) Mean 34.32 38.55 47.34
+SD 7.00 8.34 7.40
Stature (cm) Mean 135.8 148.68 151.23
















45.0 48.41 48.42 50.95 62.09
7.73 5.84 5.11 7.11 12.17
153.57 155.34 155.45 155.80 153.63
6.17 5.04 4.25 6.55 4.83
19.02 20.15 20.15 20.94 25.84
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Biceps(mm) Mean 7.33 8.42 7.20 7.57 8.29 8.31 8.38 11.13
+SD 3.39 2.69 3.71 2.87 2.92 1.71 2.22 5.51
Triceps(mm) Mean 11.87 13.93 13.17 13.33 15.05 15.17 15.53 20.90
+SD 3.85 4.99 4.11 4.80 4.68 4.17 4.57 6.92
Subscapular (mm) Mean 12.37 12.38 12.37 15.19 15.95 17.76 18.88 25.16
+SD 6.74 5.18 4.92 6.99 6.59 8.93 7.64 8.83
Suprailiac (mm) Mean 14.58 14.64 14.26 15.94 16.44 20.58 26.79 24.87
+SD 7.54 5.89 6.53 7.21 7.33 9.79 4.14 8.81
Medial calf(mm) Mean 15.48 16.87 14.53 16.49 18.00 19.50 21.40 21.75
+SD 6.96 6.43 6.92 7.20 6.82 8.09 7.38 8.59
Grand mean 
thickness(mm)
12.33 13.25 12.31 15.22 13.70 16.26 18.19 20.76
The pattern of subcutaneous fat distribution at 11, 14 and 
15 years are same while that at 12 &13 years and 16 &17 
years is distinctive of their age. Mothers’ subcutaneous fat dis­
tribution pattern in ascending order is biceps, triceps, medial 
calf, suprailiac and subscapular. Both intra and inter group 
variation in the thickness of fatfold layer was thus depicted. 
A marked increase in total fat content as calculated by mean 
of the summing up of the hve skinfold thickness (GMT) is 
found to increase with the advancing age.
The grand mean thickness (GMT) was found to be sta­
tistically signihcant between 13 & 14 years old girls and 17 
year old daughters and mothers (p< 0.05). In rest of the age 
groups the difference were found to be statistically non-sig- 
nihcant (Table 3).
To understand the reason for this phenomenon the sensi­
tivity of different skinfold sites for accumulation of subcuta­
neous fat was assessed by expressing each site as percent of 
GMT (Fig. 2), thus ruling out any inter individual variations 
solely due to absolute fatness. Theoretically, any change in the 
GMT would be accompanied by change in the thickness of 
the skinfold at individual sites. The change thus occurring was
Table 3. Significance of difference in the Grand mean thickness 
between different age groups.









not uniform at all sites as some sites gained relatively more 
fat as compared to others. It was noticed that subscapular 
site as the most sensitive site followed by triceps and biceps 
towards fat deposition.
Discussion
There is a consistent increase in the body weight with ad­
vancing age from adolescence to middle aged mothers. The 
subcutaneous fat as assessed from skinfold thickness taken at 
various sites over the body and GMT (grand mean thickness) 
showed fluctuation in the study. The 17 year old daughters 
were found to be taller than their mothers reflecting the pres­
ence of secular trend due to improved nutritional status and 
living conditions of the population in the present study. There 
have been studies showing the increase in height and weight 
of people increasing with succeeding generations (Kapoor 
et al. 1984; Gordon-Larsen et al. 1997; Khanna and Kapoor 
2004), a reflection of better nutrition, fewer diseases and bet­
ter medical facilities (Tanner 1978). The Khatri daughters (17 
year old) of the present sample were taller than their mothers. 
As mothers (mother vs. 17 year daughters) BMI were higher 
than of daughter, a major contribution in their weight gain 
could be attributed to gain in fatness, lending further support 
to “well founded concept of fat gain with ageing” (Nirmala 
and Reddy 1997; Tungdim et al. 2002). The higher value of 
GMT in mothers further supports this phenomenon.
The fluctuation in the skinfold thickness among girls 
could be a reflection of fluctuation for energy stores as fat 
is depleted in case of faster growth phase (Parizkova 1977; 
Kapoor et al. 1998; Sinha and Kapoor 2006). There are many 
changes during adolescence taking place; hence the body calls 
upon fat stores as and when required. Whereas continuously 
increasing body weight with age can be attributed to increase 
in muscle and skeletal mass which is at the cost of stored fat in 
the body. Juvenile obesity warrants early intervention because
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the pattern of unhealthy behaviour is formed in adolescence 
and young adulthood (Riberio et al. 2004).
Adult fat distribution in females start manifesting itself 
from early pubertal period (Forbes 1990), supported by pres­
ent study too. There is a relative loss of extremity fat from 
preadolescence through adulthood (Ramirez and Mueller 
1980) as illustrated in the present study too. Skinfold thick­
ness measurements in the study of Guilford et al. (2001) 
suggested a central pattern of body fat distribution. Young et 
al. (1962) claimed that at adolescence girls begin to assume 
fat distribution of a young woman with greater concentration 
on the lower trunk. The fat mass of body increases with age 
and also re-distribution of fat in body takes place in later 
age resulting in centripetal adiposity (Orden and Oyhenart 
2006; Sinha and Kapoor 2006). The active role of children 
as social architects of their own biology should provide novel 
and important understanding of biocultural construction of 
childhood nutrition (Brewis and Gartin 2006).
The increase in BMI, an index of overweight/ obesity and 
a simultaneous increase in the GMT of skinfold thickness 
with age would entail this increase in weight due to increase 
in fatness. Higher values of all the hve skinfold thickness of 
mothers as compared to the adolescent daughters in the pres­
ent study also indicated an increase in fatness with age. All 
the skinfold thicknesses, indices of fatness, prohle of subcu­
taneous fat accumulation and sensitivity of each skinfold site 
showed an increasing fat deposition on trunkal region than on 
extremities. The varying rate of fat deposition at various sites 
in different age groups explains the difference in morphologi­
cal feature in them.
A consistent increase in fatness establishes the fact that 
fat content in females continously increase throughout life. 
This means reflection of increase in the measure of skinfold 
thickness at individual site. But this increase was not uniform 
at all the sites, as some sites seemed to gain proportionately 
more fat as compared to other sites with increase in the body 
fat. This phenomenon could be determinant of change in 
physique.
Sensitivity of the five skinfold site towards deposition of 
fat showed variation in different sites in different age groups. 
Subscapular was found to be most sensitive site towards 
fat deposition followed by triceps and biceps. This further 
strengthens the fact that even during the late adolescent 
period not only continues to increase in fat content but also 
favors redistribution of fat away from extremity towards the 
trunk and that adolescents (17 year old daughter) still does 
not have the same pattern of subcutaneous fat as the middle 
aged women (mothers).
In the present study all the fatness pointer/measure/indica- 
tor showed an increasing fat in favor of trunkal region. The 
differential rate of fat deposition at various sites in different 
age groups explains the difference in morphological feature 
in them and may have epidemiological significance.
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